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Composition: Na;AlSiz010.2H0; SiO; 47.4, Al,O; 26.8, Na,O 16.3, H,O 9.5, = 100.
Analysis: Lenni, Delaware County. Crystals, Eyerman, 1911, 11.

SiQy =it ¥, 45.92
A, St 28.15
FegO;; .......... 0.44
GO ey 2.48
NagQ: L1 =28l 12.28

H,0 below 115° 0.34
H,0 above 115° 10.90

100.51
ST AR R 2.320

Locavrries: Berks County: Birdsboro, and Gickerville; Delaware County: Leiperville,
Lenni (druses of colorless crystals), Felton's farm (Chester), and Ward’s quarry; Montgomery
County: Sumneytown, and Perkiomenville; Philadelphia: Fairmount Park, Frankford, and Rit-
enhouse quarry.

SCOLECITE

CaAlSi;0:0.3H0 MonNocLINIC
Colorless, white. ‘Transparent to subtranslucent. Luster: vitreous, silky when fibrous.
Form: radiating, fibrous. H = 5-5.5. Sp. gr. 2.16-2.4.
Composition: CaAl;S1;0;0.3H;0; SiO; 45.9, ALO; 26.0, CaO 14.3, H;O 13.8, = 100.
Analysis: Railroad cut east of Reading (probably Birdsboro), Berks County. White,
silky mass of radiating needles, with calcite. Smith, 1910, 540.

SO e e s 47.04
VN o R TR, 25.42
Ca) b iy 9.86
Naz@. worsue ez 4.77
Ignition. ...... 13.60

100.69
o140 e Y 2.277

Locavrry: Berks County: Birdsboro.

MESOLITE

7 CaAl:SisO10.3H:0 LR

Colorless, white, grayish, yellowish. Transparent to translucent; opaque when amor-
phous. Luster. vitreous, silky when fibrous. Form: fibrous, interlacing, columnar; divergent
groups or tufts; cryptocrystalline. H = 5. Sp. gr. 2.2-2 .4,

Composition: Intermediate.in composition between natrolite and scolecite. With Na,:
Ca = 1:2, SiO; 46.4, AL,O; 26.3, CaO 9.6, Na.0 5.3, H:0 12.4, = 100.

Analysis: Fritz Island, Berks County. ‘Sadtler; Jr., Am. Chem. J., IV, 356, 1883.

{m NaALSi;010.2H:0

SOt ia L 43.29

ALOg= 7 25.02

Fean .......... tr

CaO 57 e 12.15
INag@Fal e Ve 3.40

He Qs i s R 16.01

99.87 2

P N i 2.4

Locaviries: Berks County: Fritz Island, minute white radiating tufts; Delaware County:
Ward’s quarry, mealy white radiations.
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THOMSONITE

(Ca,Na,)ALSi,0s. 214H,0 ORTHORHOMBIC

Colorless, white, green, reddish. Streak: uncolored. Transparent to translucent. Luster:
vitreous, more or less pearly. Form: columnar, fibrous ; radiated spherical concretions; rarely
in druses of prismatic crystals. H = 5-5.5. Brittle. Sp. gr. 2.3-2.4.

Crystallography: Orthorhombic; ‘a:b:c = 0.9932 :1:1.0066.

Po:qo:re = 1.0135:1.0066:1.

Forms: ¢ (001), e (100), b (010), m (110), » (101). Habit: prismatic, prism faces striated verti-
cally. Cleavage: b perfect, a less so, ¢ in traces.

Composition: (Ca,Nas)Al:Si;05.24H,0; with Ca:Na, = 3:1, SiO, 37.0, AlLO;, 31.4,
Ca0 12.9, Na;0 4.8, H;0 13.9, = 100. ?

Analysis: Fritz Island, Berks County. White, waxy to pearly luster, spherical aggre-
gations of radiating structure. Genth, 1875, 108,

SO dncoodcod 38.74
ALG;.......... (31.22)
Ca@ ey 10.77
INFYOR oo do ot i 3.32
KaOr. Ll o 0.45
Ho O 55 15.50
100.00

Locarities: Berks County: Birdsboro, and Fritz Island (small spherical aggregations of
radiated structure); Delaware County: Leiperville, and Lenni (druses of minute colorless crystals,
with natrolite). : ;

ANALCITE
NaAlSi,06. H,O y ISOMETRIC

Color: white, grayish, yellowish; colorless. Transparent to nearly opaque. Luster:
vitreous. Form: in trapezohedrons, # (211); massive granular. H = 5-5.5. Brittle. Sp.
gr.2.22-2.29,

Composition: NaAlSi:Os. H.O; SiO, 54.5, ALO;s 23.2, Na,O 14.1, H,0 8.2, = 100.

Locavrries: Bucks County: Rushland; Lebanon County: Cornwall? Philadelphia:
Fairmount Park.

MICA GROUP
MUSCOVITE H, KAl (Si04)3 Monoclinic
EurHYLLITE  H(Na,K)AL(SiO4)s? Monoclinic
BroTiTE (H,K):(Mg,Fe):(ALFe)y(Si0,); Monoclinic
PurocorrtE  [H,K(MgF) sMg;A1(SiOy); Monoclinic
MUSCOVITE
H,K Al3(Si04); MONOCLINIC

Colorless, gray, brown, pale green, or yellow. ‘Transparent to translucent. Luster:
vitreous to pearly or silky. Form: pseudo-orthorhombic or pseudo-hexagonal tabular crystals;
foliated, plumose, scaly, massive, compact, cryptocrystalline. H = 2-2.5. Sp. gr. 2.76-2.78.

. Crystallography: Monoclinic:48 a:b:c = 0.5774:1:3.3128, 8 = 89° 54’. Common forms:
M (221), b (010), ¢ (001), and e (023). Twins: twin plane in zone ¢cM normal to c. Cleavage:
basal, eminent; secondary parallel to b; thin laminae flexible and elastic.

Composition: H,KAI;(SiO4);; with H:K=2:1, SiO, 45.2, ALO; 38.5, K,0 11.8, H,O
4.5, = 100.

Damourrrg. Color: white, gray, yellow, reddish. Luster: somewhat pearly or silky.
Feel unctuous. Form: small scales, fibrous or compact cryptocrystalline. Folia are less elastic
than muscovite. Fibrous forms are known as sericite. Fuchsite: green; contains Cr.
Lesleyite (Lea, 1867, 44) is a mixture of damourite and corundum from Unionville.

48 Orthorhombic according to Goldschmidt:

a:b:c = 0.5773:1:3.293
po:qoiro = 5.704:3.293:1
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Abnormal pyrite erystals, French Creek mines, Chester County, Pennsylvania. Natural size.
The second and third crystals in the left hand row are two of Penfield’s types. Courtesy of George
Vaux, Jr. .
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INTRODUCTION

HisToricAL OUTLINE

The development of mineralogy in Pennsylvania began while the science was
yetinitsyouth. Itsinception coincided with the great activity in Europe following
upon the interesting discoveries of Priestley and Lavoisier, of Klaproth and
Berzelius, and of Abbe Hé.ﬁy. Great enthusiasm was aroused, resulting in a
pilgrimage to the laboratory of Abbe Haiiy, in the Fcole des Mines, of several
residents of Pennsylvania, notably Adam Seybert, Gerard Troost (a Hollander by
birth), and later, Lardner Vanuxem, and William Keating, who may be regarded
as the first scientific mineralogists of America.

On his return to Philadelphia, Adam Seybert brought with him a fine collection
of minerals. It was extremely difficult at this time to get even such common
minerals as quartz, hornblende, and feldspar determined, and it is interesting to
note that in 1803, Benjamin Silliman, the founder of the American Journal of
Science, journeyed to Philadelphia with the whole collection of Yale College,
“a half bushel of unlabeled stones in a small box,” to have them named by Seybert.

Somewhat previous to this (1792) the Chemical Society of Philadelphia had
been organized with the avowed purpose of acquiring information regarding the
minerals of the United States. The society existed for seventeen years, and was
succeeded in 1811 by the Columbian Chemical Society, in whose single volume of
memoirs appeared an analysis of malachite from “Perkioming” by Thomas D.
Mitchell.

In 1812, the Academy of Natural Sciences of Philadelphia was organized with
Dr. Gerard Troost as president. Mineralogically the first accession consisted of
some artificial crystals prepared by Dr. Troost, but on August 15th the Academy
acquired by purchase the collection of Adam Seybert, which later formed the sub-*
ject of a number of lectures by Troost. 'This collection, the oldest extant in Amer-
ica, is still kept intact in its original cabinet. In April, 1812, the members of the
Academy made an excursion to the Perkiomen mines. Their activity is shown
by the number of mineralogical and crystallographic papers that appeared in the
early issues of the Journal of the Academy.

In 1812, Isaac Lea published ‘“An account of the minerals at present known
to exist in the vicinity of Philadelphia.” This was followed by more complete lists
by Carpenter and Spackman, the results of a vacation trip on horseback into
Delaware, Chester, and Lancaster counties. Some time before, however, Adam
Seybert had published in 1808 ““A catalog of some minerals which are found in
different parts of the United States.”

The mineral collection of the Academy grew rapidly, large numbers of speci-
mens being presented by its members. In addition, it received the collections of
Thpmas M'Euen, T. B. Wilson, Samuel Ashmead, George W. Carpenter, W. D.
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Hartmann, and much later those of Edward D. Drown, Thomas Harvey, and
William H. Shaw. The American Philosophical Society and the Franklin Institute
deposited their collections in the Academy.

A number of private collections were made in the earlier period, the disposal
of which has been as follows: Gerard Troost’s collection was purchased by the
Louisville (Ky.) Public Library. His collection of meteorites was acquired by
J. Lawrence Smith, and is now in possession of Harvard College. At the death of
Lardner Vanuxem, his collection was purchased by Masonic College, Clarksville,
Tenn. The collection of Isaac Lea was acquired by the University of Pennsylvania,
and his collection of gems by the U. S. National Museum. About the same time
William Wagner made the collection now exhibited in the Wagner Free Institute of
Science. :

The succeeding period was a still more active one. Beautiful specimens were
being obtained at the lead and zinc mines of Phoenixville, the chrome mines south
of New Texas, Lancaster County, the Gap nickel mines, the corundum mines at
Unionville, Brinton’s quarry south of West Chester, and the French Creek iron
mines.

One of the most active collectors during this period was William Sampson
Vaux, Vice-President of the Academy of Natural Sciences, whose collection, now
the chief mineral exhibit in the Academy, is one of the most magnificent in America.
It is not unlikely that he acquired his interest in minerals through his uncle,
Joseph Sampson (1767-1826) who made perhaps the earliest collection in America,
which was later given to Haverford College.

About the same time the following collections ranking among the first in Amer-
ica were formed: the Theodore D. Rand Collection, now at Bryn Mawr College;
the William W. Jefferis Collection, purchased by the Carnegie Museum of Pitts-
burgh; and the Clarence S. Bement Collection, acquired by the American Museum
of Natural History in New York.

Other collections should not be forgotten: those of Joel Bailey, Lewis White
Williams, J. T. M. Cardeza, and Charles M. Wheatley. The Wheatley Collection
was acquired by Union College, Schenectady, N. Y. The Delaware County

Institute contains the collections of Lewis Palmer and George Smith; Lehigh
University that-of Theodore W. Roepper; Allegheny College, Meadville, the collec-
tion of Francis Alger; Swarthmore College, the collection of Joseph Leidy; and the
University of Pennsylvania, the collections of Frederick A. Genth, Isaac Lea,
J. T. M. Cardeza, and Joseph A. Clay.

Today, the State has within its borders several noteworthy private collections:
the excellent collection of Mr. George Vaux, Jr., one of the finest private collections
in the country; and the splendid collections of microscopic mounts of minerals
formed by Mr. George W. Fiss of Philadelphia, and Mr. Frank J. ’Keeley of Merion.

In addition to the William S. Vaux Collection, which is rich in choice speci-
mens of Pennsylvania minerals, a collection of about 1000 Pennsylvania minerals is
exhibited in the Mineral Hall of the Academy.

From the very beginning, the scientific investigation of minerals has been
energetically pursued in Pennsylvania laboratories. The work of Adam Seybert,
Troost, Keating, Vanuxem, and Lea, was followed by that of Henry Seybert, one
of the most brilliant of American chemists, who discovered fluorine in chdndrodite,



INTRODUCTION 7

and beryllium in chrysoberyl. In 1870-1880, much analytical work of very high
quality was done on minerals by Frederick A. Genth of the University of Penn-
sylvania. Upon the organization of the Second Geological Survey of Pennsylvania,
Genth was commissioned to write a mineralogy of the state. He published a book
of 206 pages in 1875, and a supplement in 1876, which he regarded as preliminary
reports.

In 1880, the Mineralogical and Geological Section of the Academy of Natural
Sciences was organized, among whose most active members were Theodore D.
Rand, William W. Jeffries, and H. Carvill Lewis. Its activities in recent years
has been chiefly geological. Finally, in 1892, the Students Mineralogical Club,
now the Philadelphia Mineralogical Society, was organized, the members of
which have been most active in the investigation of local mineralogy.

GENERAL OUTLINE

The distribution of minerals is most satisfactorily presented geographically,
and a number of works have appeared descriptive of the minerals of various
countries or states. Although the reference of scientific data to political boundaries
is admittedly somewhat inconsistent, its convenience is sufficient to justify the
plan. Accordingly the present work is devoted solely to the mineralogy of the
State of Pennsylvania.

‘ORIGIN AND OCCURRENCE OF MINERALS

The study of the origin and occurrence of minerals is one of the most interest-
ing fields of the science—yet one which has thus far received but little attention
from the mineralogist. An outline is here given of the occurrences of minerals,
and their grouping into characteristic assemblages. In this connection, a table
of the geological formations of the state is presented, with notes on the petro-
graphic character of the rocks, and their relations.

DESCRIPTIVE MINERALOGY

The minerals of Pennsylvania are here described in the order of Dana’s
System of Mineralogy. After a brief physical description of the mineral, the crys-
tallographic and chemical data are given. Dana and Goldschmidt have generally
been adopted as authorities for the physical and crystallographic constants.

A large number of analyses of varying character has been collected. Although
the majority of these are probably to be rated as inferior, all have been given except
a few that are obviously erroneous. In the use of the analyses it is well to consider
their value critically, both externally and internally, by the criteria introduced by
Washington! for igneous rocks. The accuracy of an analysis of a mineral depends
on the following factors: 1. Purity of the material (which should be determined
microscopically) ; 2. Manipulative skill of the analyst; 3. Reliability and accuracy
of the methods employed; 4. Quality of reagents and apparatus; 5. Completeness.
As information regarding purity of material and method of analysis has not been
usually given by any but the most recent analysts, analyses must be judged by such
extrinsic evidence as: (A) Summation; (B) Whether any of the constituents have
_been determined by difference or loss, such as the alkalies and water; (C) General

t Henry S. Washington, Chemical analyses of igneous rocks, with a critical discussion of the character and
use of analyses: U. S. Geol. Surv. Prof. Paper 99, 1917.
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information regarding the analyst’s ability. The summation may be considered a
good index of the character of the analysis, bad summation being evidence of error.
An analysis may be considered good, other things being equal, when the summation
lies between 100.75 and 99.50, its relative worth being judged by the closeness with
which it approaches these figures. The determination of certain constituents by
difference or loss is to be regarded as unsatisfactory, especially in the case of H,O.
The following analysis of ‘‘chrome ore” from Wood’s mine by Garrett (1852: 45)
may be taken as an example of a very bad analysis: Cr;0; 63.384, Fe;O; 38.663,
NiO 2.282, sum 104.329%,. ‘The absurdity of an analysis carried to three decimal
places with a summation of over 104 is at once apparent. The analysis was made
before the introduction of modern methods, and is therefore to some extent ex-
cusable; Al;O; and MgO were neglected, and all the FeO was determined as Fe;Os,
which accounts in part for the high summation. In future work, it may well be
recommended that in view of their high standard of excellence, the methods of the
chemists of the United States Geological Survey? be employed wherever possible.
It cannot be too strongly urged that extraordinary care be used in the purification
of the material (tested under the microscope), and the recording of the optical
properties of the substance, particularly the indices of refraction.

Finally, the Pennsylvania occurrences of the mineral are listed alphabetically.
‘The reader is referred to Section V (Mineral Localities of Pennsylvania) for details
regarding the mineral, precise locality, mode of occurrence, association, and refer-
ences to the literature.

MINERAL L,OCALITIES OF PENNSYLVANIA

The distribution of minerals in Pennsylvania is given in greater detail in this
section. The localities are arranged alphabetically according to Counties, and
then according to Townships, if greater subdivision is necessary. After a precise
description of the locality and geologic details, the minerals are listed genetically,
with a statement as to their character, and references to the literature.

In the past, the exact statement of a locality was considered an unnecessary
refinement. Thus we may read that a certain mineral was found on John Smith’s
farm. Inmany cases even the most industrious search in the archives of a historical
society may fail to reveal the situation of this farm. Accordingly the Ninth Co-
ordinate system of Kemp® has been adopted to indicate the position of localities
(See Diagram). The standard U. S. Geological Survey topographic sheets are di-
vided by meridians and parallels into 9 sections, which may be numbered from 1 to
9. Each section is subdivided three successive times into 9 parts. The locality
symbol is of the form: “West Chester 5322,” which is to be interpreted as: U. S.
Geological Survey topographic sheet, West Chester Quadrangle, fifth section, third
secondary subdivision, second tertiary subdivision, and second quarternary subdi-
vision. The illustration selected is the symbol of Brinton’s quarry, three miles
south of West Chester.

REFERENCES AND BIBLIOGRAPHY

Throughout the text references are stated in the form “Rand, 1880: 243;”

2 W F. Hillebrand, The analysis of silicate and carbonate rocks: U.S. Geol. Surv. Bull. 700, 1919. Hen}y
S. Washington, The chemical analysis of rocks. Third Edition, New York, 1919,
¢ James F. Kemp, Geological Bookkeeping: Bull. Geol. Soc. America, 16, 414-416, 1905.
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Illustrating Kemp’s Ninth Coodrdinate System. The figure represents a ninth
of a U. S. Geological Survey topographic sheet in Latitude 40°. If it were the fifth section
of the West Chester Quadrangle, the black division would read ‘“West Chester 5322.” each
figure after the 5 indicating the number of a finer subdivision.
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other details concerning the title of the paper and place of publication will be found
in the bibliography.
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ORIGIN AND OCCURRENCE OF MINERALS

Fundamentally, the formation of a compound is governed by more or less
well-known physico-chemical laws. ‘The minerals (natural compounds) formed:are
stable only within a certain range of temperature -and pressure, which may be
wide for some, and quite narrow for others.

TABLE I e

SYNOPSIS OF THE CLASSIFICATION

I. Magmatic Phenomena

1. Igneous rocks

Silicic (comprising acidic and intermediate rocks)

Alkalic (alkali-syenites, etc.)

Calcic (the basic rocks)

Magnesic (the ultrabasic rocks)

‘The minerals of each of the above divisions are subdivided as follows:

a. Primary
b. Metamorphic
c. Weathering products.

vow>

2. Pegmatites (including “pnreumatolytic’ veins and many quartz veins)
A. Silicic (granitic pegmatites)
B. Alkalic (pegmatites associated with alkali-syenites)
C. Calcic (gabbroic pegmatites, nelsonite, etc.)
a. Primary
b. Metamorphic
c. Weathering products,

3. Hydrothermal deposits (the majority of mineral veins, including contact deposits, but
excluding the contact minerals)
a. Primary :
b. Metamorphic (including secondary enriched)
c. Weathering products.

4. Fumarolic deposits. 7

II. Sedimentary Phenomena

1."Sediments
Siliceous and argillaceous
Calcareous and magnesian
Ferruginous (including manganiferous and zinciferous)
Saline 2
Phosphatic
Carbonaceous
a. Primary
b. Metamorphic
c. Weathering products.

IPgoOEE
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While many minerals have a particular mode of occurrence, more characteristic
is their grouping into assemblages.  The above classification of mineral assemblages
has been proposed* (T'able I).

Mineral assemblages may be divided into two distinct classes: those arising
from magmatic phenomena,—the igneous rocks, pegmatites, hydrothermal deposits
and fumarolic deposits; and those formed by sedimentary processes,—the sedi-
mentary rocks. The minerals forming the assemblages may be classified as primary,
metamorphic, or weathering products.

MAGMATIC PHENOMENA

A molten magma may be regarded as a solution of silicates, containing dis-
solved in it considerable quantities of water and gases, and obeying the physico-
chemical laws of a solution; the freezing point is lower than that of its constituents
and the crystallization of the minerals is dependent on their solubility in.the magma
more than upon their temperature of fusion.

The phenomena exhibited by molten magmas are exceedingly complex, not
the least interesting being those which cause their differentiation into the various
igneous rocks.®

The magma is composed essentially of silicates, with dissolved H;0, CO,, F,
Cl, B, S, H, and other volatile substances, to which the term mineralizers or pneu-
matolytic agents has been applied. The latter term is objectionable, as it is ex-
tremely doubtful if these gaseous substances exist as such in the magma or in solu-
tions emanating from it, but are rather dissolved in each.

The products of the solidification of the bulk of any magma are the igneous
rocks, composed essentially of anhydrous minerals or those in which a hydroxyl
radicle is present, such as hornblende, biotite, muscovite, etc. ‘The disposition of
the volatile constituents is dependent on the depth at which the igneous body
solidifies. The mineralizers are far more abundant in the acid rocks than in the
basic ones, and there may also be a difference in the kind present. In deep seated
bodies such as granites, granodiorites, syenites, etc., there isa graiiual concentration
of the volatile constituents and most of the rare elements in the residual mother
liquid; this is forced into contractjon fissures in the parent body, or into fractures
in the surrounding rocks, forming pegmatite dikes or veins.

At lesser depths fracturing in the crust may permit the heated solutions to
pass into fissures, where they may form hydrothermal veins. Quite frequently the

4 Edgar T. Wherry and Samuel G. Gordon, An arrangement of minerals accordmg to their occurrence:
Proc. Acad. Nat. Sci. Phila., 67, 426457, 1915.

A wealth of data on the subject of the occurrences of minerals will be found in the following works, which
give many references:

F. W. Clarke, Data of Geochemistry: U. S. Geol. Surv. Bull. 693, 4th Ed., 1920.

Waldemar Lindgren, Mineral Deposits, 2nd Ed., New York, 1919,

William Harvey Emmons, The earichment of ore deposits: U. S. Geol. Surv. Bull. 625, 1917.

Amadeus W. Grabau, Principles of salt deposition: New York, 1920.

§ A full discussion of differentiation will be found in the following works:

N. L. Bowen, Crystallization differentiation in igneous magmas: J. Geol., 27, 393-430, 1919; Deformation
of crystallizing magma: J. Geol., 28, 265-267, 1920; Later stages of the evolution of the igneous rocks: J.Geol.
Suppl., 23, 1-91, 1915.

Frank F. Grout, Movements in crystallizing magma: J. Geol., 28, 255-264, 1920

Joseph P. Iddings, Igneous rocks: New York, 1909.

A. Harker, Natural History of igneous rocks: New York, 1909.

R. A. Daly, Igneous rocks and their origin: New Yoik, 1914.
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solutions may pass into the rock intruded, forming a hydrothermal deposit, with the
development of an interesting series of contact minerals.

Extrusions of lava upon the surface permit the rapid escape of the volatile
constituents, which may form a series of fumarolic minerals.

Cooke® has suggested that the emission of solutions from a cooling magma is
constant, their escape being governed by accidental movements affording channels
of flow; and further, that the composition of the solutions depends on the stage
reached in the crystallization or cooling of the igneous body at the time of escape.

In many of the basic or ultrabasic rocks, segregations of magnetite, ilmenite,
chromite, pyrrhotite, and chalcopyrite occur. These have been regarded in the past
by some as early accumulations of the usual accessory minerals through gravitative
settling at the bottom of the igneous body, and by others as due to immiscibility.
Recent studies by Tolman and Rogers,” however, indicate that these magmatic ores
have been formed at a late magmatic stage as the result of mineralizers, the ore-
minerals in many cases replacing the silicates.

SEDIMENTARY PHENOMENA

Subjected to the action of water, wind, and ice, the land masses are eroded and
worn down; the disintegrated particles are rapidly removed by running water,
which carries also much dissolved material. This disintegration and decomposition
is the beginning of a series of events resulting in the differentiation of the materials
into mineral assemblages varying widely in make-up: the sedimentary rocks.
Briefly, they may be formed mechanically by moving water, ice or the wind;
chemically; or organically. In some cases certain rocks may be produced in several
ways: thus, siliceous sediments are formed by mechanical agencies (sandstone,
etc.), chemically (some flints), or organically (some flints and diatomaceous de-
“posits). As the products are in most cases identical, they are most simply classified
chemically, if sight is not lost of their origin. We have then, six groups of sedi-
ments: A. Siliceous and argillaceous; B. Calcareous and magnesian; C. Ferrugi-
nous; D. Saline; E. Phosphatic; and F. Carbonaceous.

METAMORPHISM AND WEATHERING

Under the action of heat, pressure, and magmatic or meteoric solutions,
striking changes occur in the minerals of the igneous and sedimentary rocks, with
the development of new assemblages. Much ambiguity exists in the literature
regarding the processes and their results, as the changes are in many cases complex.

The following are the chief agents of metamorphism: heat—due to intrusives
or to deep burial in the crust; pressure—static pressure developed by burial to great
depth, or dynamic pressure due to earth movements, tangential thrust and the like;
and solutions—meteoric solutions of surface origin, or magmatic solutions ema-
nating from cooling igneous masses. One or more of these may operate at a given
time, but the general types of metamorphism may be described as follows.

Weathering involves the changes produced by atmospheric agencies; running
water, ice, the wind, also organic life, etc., from the surface to the level of ground

¢ H, C. Cooke, Gabbros of East Sooke and Rock Point: Canada Dept. Mines Museum Bull. 30, 1919, p. 48.
7 C. F. Tolman, Jr., and Austin F, Rogers, A study of the magmatic sulfid ores: Leland Stanford Junior
University Publ., 1916.
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water. The rocks are disintegrated and decomposed, the more soluble constituents
are leached out, and only a few minerals stable under surface conditions persist.
The chief reactions are oxidation, hydration, and carbonation, and solution.

Hydrometamor phism.—Meteoric solutions arising at the surface tend to cir-
culate to shallow depths through joints, fractures, and solution cavities. Much
of the material dissolved in the weathering processes may be deposited here. This
type of metamorphism is perhaps limited to kaolinization, the cementation of sedi-
ments, the formation of lead, zinc, celestite, and barite deposits in some limestones,
and the secondary enrichment of certain sulfide deposits. It is at times difficult to
consider weathering and hydrometamorphism separately as they tend to operate
together, as in kaolinization. An interesting case is that of the kaolin deposits
occurring in the limestone of southern Chester County, Pa. The weathering and
erosion of the limestone has given rise to solutions rich in CO,, which vigorously
attacked the pegmatites, with leaching of the alkalies and the production of kaolin.

Hydrothermal metamorphism.—Greater activity, however, is shown by hydro-
thermal solutions emanating from cooling igneous bodies, which may effect the
serpentinization or chloritization of the basic or ultrabasic igneous rocks, the kaolin-
ization of the more acid rocks, and the formation of zeolite veins in gabbros, dia-
bases, and basalts.

Contact metamorphism is produced by the action of igneous masses upon the
rocks invaded. The agents are heat produced by the igneous mass, and magmatic
solutions which may pass into the intruded rock. The chief factors affecting the
degree and type of metamorphism are: character and composition of igneous rock;
character and composition of the invaded rock; amount and character of mineral-
izers, and the ease with which they pass into the invaded rock; and the depth at
which the intrusion occurs. Granites, etc., are perhaps influenced least, limestones,
shales, etc., most. The changes may be great, but even in some limestones the
effect of a diabase dike may be practically nzl, where under other circumstances
great changes have occurred.

Dynamo-metamor phism.—It is extremely doubtful if static heat and pressure
are effective agents in metamorphism. Many sediments have been buried to great
depths and suffered little change. The question arises as to the relative importance
of the agents: heat, static and dynamic pressure, and magmatic solutions, in the
production of the familiar crystalline schists and gneisses. Dynamic pressure or
stress at great temperatures would perhaps have only the effect of shearing, granu-
lation, and gliding, or recrystallization in limestones. It seems, therefore, that
magmatic solutions are necessary, in addition to stress, for the production of the
schists and gneisses, where much recrystallization occurs, with the production of new
minerals. Evidence of this lies in the universal presence of intrusive masses in the
schists and gneisses. A very interesting example is presented by the Ordovician
phyllites exposed along the Susquehanna River from Bald Friar, Maryland, north-
ward into Pennsylvania. In the more squthern exposures, the phyllites are
thoroughly injected with pegmatites which are lacking towards the north near
Peach Bottom, Penna. The effect of the dynamic movement and the intrusives
was the production of a contorted and recrystallized phyllite in the southern expo-
sures; whereas five miles further north the dynamic movement, in the ahsence of
the pegmatites, caused the shearing of the same formation into a slate.



15

ORIGIN AND OCCURRENCE OF MINERALS

Glassy

Acid Glasses

Obsidian, Perlite, Pitchstone, Pumice

Basic Glasses

Scoria, ‘Tachylite

TABLE 11
CLASSIFICATION OF THE IGNEOUS ROCKS
SILICIC ALKALIC (RARE) CALCIC MAGNESIC
Characterized by Characterized by Feld- | Characterized by Feld- | Characterized by Ne- Characterized by Feld-| Characterized by Py-
Quartz and Feldspar spar spar, Nephelite, Leu- | phelite, Leucite spar and Pyroxene roxene and Olivine
cite y
Chief Type of Feldspar | Chief Type of Feldspar || Chief Type of Feldspar P
Ortho- Ortho- Albite,| Ande- | Little Much Awwm%mwwwv
Ortho- | clase |Plagio- | Ortho- | clase [Plagio-j Ortho- | Oligo- | sine, Fe-Mg Fe-Mg Pyroxene
clase | and | clase | clase | and | clase || clase | clase, [ Labra-{ minerals | minerals Pyroxene
Plagio- Plagio- Ande- | dorite
clase clase sine
Mica, Amphibole, Mica, Amphibole, Mica, Amphibole, 2 Contain b
Pyroxene Pyroxene Pyroxene Pyroxene Olivine Olivine
= i Tona- Nephe- Essex- Urtite Ijolite Olivine
5 2 Gran- | Grano-| lite Syen- |Monzo-| Dio- line | Tesch-| ite Sussexite| Nephe- Gabbro Gabbro :
= i) ite |diorite [(Quartz]| ite nite rite [Syenite| enite |Thera- linite Diabase | Olivine | Pyroxenite| Peridotite
o 6] diorite) lite Diabase
i 3 T Representatives of the above rocks with large phenocrysts in_a holocrystalline groundmass
EAE ‘m..wh .M 2 are named by suffixing ‘‘porphyry’’ to the name in each case.
RN rexgs Representatives of the rocks below with abundant phenocrysts in a glassy groundmass
%Hb g amam are named by suffixing “‘porphyry’’ to the name in each case.
g Fe3
9 5éo09 2 Rhyo- | Rhyo- | Dacite| Tra- | Latite { Ande- [Phono- Basa- | Teph- Monchi- { Auganite Olivine Augitite |Limburgite
= —~5 4o lite | dacite chyte site lite nite | rite quite (basalt) basalt Picrite
8
&
S
=
17

Chiefly Volcanic

Beds

Strata
Necks
Frag-
mental

Fragmental representatives of the above rocks are named by suffixing
“tuffs’”’ or ‘‘breccias’” to the name in each case.

After Rosenbusch, Kemp, and Iddings
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IGNEOUS ROCKS

The mineralogy of the igneous rocks is rather simple, and forms the chief
method of classifying them (Table II). They may be grouped into four divisions
on the basis of mineralogical dissimilarity: the Silicic, Alkalic, Calcic, and Mag-
nesic; these names however, only indicate the prominence of the respective con-
stituents, and do not have a strict quantitative significance. Magmatic deposits
may occur in the Calcic and Magnesic rocks, and it is sometimes convenient to

consider the minerals of these deposits separately.

SILICIC IGNEOUS ROCKS

PRIMARY MINERALS:
Silica: quartz, Trisilicates, feldspars: orthoclase, microcline, albite, oligoclase; Meta-
silicates, pyroxenes: augite; amphiboles: hornblende; Orthosilicates, micas: muscovite,
biotite; rare earth silicates: zirconm, titanite; Fluo-phosphate: apatite; Oxides: magnetite,
ilmenite.

Dynamic-METAMORPHS: (in addition to recrystallization of the above)
Metasilicates, amphiboles: hornblende; Orthosilicates, garnets: almandite; hydroxy-:
zoisite, epidote, muscovite, chlorite.

HYDROTHERMAL METAMORPHS!:
Silica: quartz, chalcedony, opal; Orthosilicates, hydroxy-: epidote, muscovite, sericite;
Phosphate, hydroxy-: turquois; Sulfates, hydroxy-: alunite, jarosite.

WEATHERING PrRODUCTS: (in part Hydrometamorphs)
Silica: chalcedony, opal; Silicates, hydrous: vermiculite, kaolinite, chloropal, allophane;
Hydrous oxides: limonite, wad.

ALKALIC IGNEOUS ROCKS

PRIMARY MINERALS:
Trisilicates, feldspars: orthoclase, microcline, albite, oligoclase, andesine; Metasilicates:
leucite; Orthosilicates: nephelite, cancrinite, sodalite, hauynite, noselite; Metasilicates,
pyroxenes: acmite, aegirite; amphiboles: hornblende, arfvedsonite, riebeckite; Ortho-
silicates, micas: biotite; rare-earth: zircon; Phosphate: apatite; Oxides: magnetite, il-
menite.

HYDROTHERMAL METAMORPHS:
Metasilicates, hydrous: analcite, natrolite, thomsonite, hydronephelite.

WEATHERING ProDUCTS: (in part Hydrometamorphs)
Silica: chalcedony, opal; Orthosilicates, hydroxy-: kaolinite, vermiculite; Hydroxide:
gibbsite; Hydrous oxides: limonite, bauxite.

The alkalic igneous rocks are exceedingly rare. No rocks of this type have been

found in Pennsylvania.

CALCIC IGNEOUS ROCKS

PRIMARY MINERALS:
Trisilicates, feldspars: andesine, labradorite, bytownite, anorthite; Metasilicates, pyroxenes:
enstatite, hypersthene, diopside, augite; Orthosilicates: olivine ; micas: biotite; Tstano-silicate:
titanite; Phosphate: apatite; Oxides: magnetite, ilmenite, rutile. Sulfides: pyrite, chalcopy-
rite, pyrrhotite, pentlandite; Element: iron.

DyNAMIC-METAMORPHS: -
Metasilicates, amphiboles: hornblende; Orthosilicates: wernerite; hydroxy-: epidote, zoisite,
chlorite.

HYDROTHERMAL METAMORPHS:
Orthosilicates, hydroxy-: epidote, chlorite; boro-: datolite; hydrous: thomsonite, prehnite;
Metasilicates, hydroxy-: pectolite; hydrous: analcite, apophyllite, heulandite, stilbite,
laumontite, chabazite, gmelinite, natrolite, mesolite, scolecite; Carbonates: calcite; Silica:
quartz, chalcedony; Elements: copper, silver.
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WEATHERING PRODUCTS:

Silica: chalcedony, opal; Hydrous orthosilicate: kaolinite; Hydrous oxide: limonite.
Magmatic deposits of pyrrhotite, pentlandite, magnetite, and ilmenite; and hydro-

thermal concentrations of copper and silver are of great economic importance. Examples

in Pennsylvania are the nickeliferous pyrrhotite deposit of Gap, Lancaster County, and the

lean copper deposits in the Precambrian basalts of Franklin and Adams Counties. Zeolites

are of common occurrence in the Triassic diabase quarries of Adams, Lancaster, Berks, and

Montgomery Counties.

MAGNESIC IGNEOUS ROCKS

PRIMARY MINERALS:
Metasilicates, pyroxemes: enstatite, bronzite, hypersthene, diopside, diallage, augite;
Orthostlicates: olivine; Oxides: magnetite, chromite, spinel; Sulfides: pyrrhotlte, pentlan-
dite, chalcopyrite; Elements: diamond, iron, platinum.

HvYDROTHERMAL METAMORPHS:
Metasilicates, amphiboles: anthophyllite, tremolite, actinolite (nephrite, asbestus, smarag-
dite, etc.), hornblende; kydroxy-: talc; Orthosilicates, hydroxy-: chlorite (many varieties),
serpentine (many varieties including chrysotile asbestus), sepiolite; Carbonates: calcite,
dolomite, ankerite, magnesite; Oxides: magnetite; hydroxide: brucite.

WEATHERING PropUCTS: (in part Hydrometamorphs)
Silica: quartz, chalcedony, opal; Carbonates: aragonite, zaratite; Hydrous silicate: dewey-
lite, genthite (garnierite); Hydrous sulfate: epsomite; hydrous oxide: limonite.

Magmatic deposits of chromite have been mined in the past in Southern Lancaster
and Chester Counties, at Wood’s mine, the Line Pit, and Scott’s mine. At a number of
localities actinolite and talc have been produced by the dehydration of serpentines by
intrusive granites or pegmatites (see under Desilicated granitic pegmatites below).

PEGMATITES
SILICIC (GRANITIC) PEGMATITES

PRIMARY MINERALS:
Silica: quartz; Trisilicates, feldspars: orthoclase, microcline, albite, oligoclase; Meta-
silicales, pyroxenes: spodumene;amphiboles: hornblende; misc. beryl, iolite; Orthosilicates,
garnets: almandite, spessartite; phenacite; boro-: tourmaline, dumortierite; fluo-: topaz;
micas: lepidolite, muscovite, biotite; rare-earth: thorite, zircon, gadolinite, allanite;
Phosphates: triphylite, lithiophyllite, fluo-: apatite, triplite, amblygonite; rare-earth:
monazite, xenotime; Columbates, tantalates, eic.: fergusonite, columbite, tantalite, eschynite,
polycrase, euxenite,- samarskite, microlite; Tungstates: wolframite, scheelite; Oxides:
chrysoberyl, rutile, cassiterite, uraninite, magnetite, ilmenite; Fluorides: cryolite; Car-
bonates: siderite; Sulfides: molybdenite, bismuthinite, pyrite, arsenopyrite, chalcopyrite;
Elements: gold.

WEATHERING Propucrs: (in part Hydrometamorphs)
Stlica: opal (hyalite); Orthosilicates, hydroxy-: vermiculite, kaolinite, allophane; hydrous:
uranophane; Hydrous oxides: limonite, wad, gummite; Phosphates, hydroxy-: autunite,
torbernite.

The granitic pegmatites are a familiar type of rock in southeastern Pennsylvania,
forming intrusive dikes and veins in the various schists and gneisses.

Abnormal types occur in the meta-peridotite and meta-pyroxenite areas, due to the
desilicating action of the serpentine upon the invading pegmatitic solutions. FEvidence
of reaction is to be seen in the zones of vermiculite (altered biotite), actinolite, and talc
which lie between the abnormal pegmatites and the serpentine. The result of the reaction
between the serpentine and the pegmatitic solutions was a depletion in the latter of silica,
alumina, potash, and fluorine used in the production of the contact zones. The abstraction
of most of this material caused the crystallization of the remainder into these abnormal
pegmatites, one type of which consists solely of albite (albitite), and the other of albite or
oligoclase, with corundum, tourmaline, and margarite (plumasite). Albitites occur
at Sylmar, Nottingham, and Brinton’s quarry, Chester County. Plumasites occur at
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Unionville, Chester County, and at Morgan Station, and Black Horse, Delaware
County, The mineralogy of the desilicated granitic pegmatites is simple:

DESILICATED GRANITIC PEGMATITES
PRIMARY:
Trisilicates, feldspars: albite, oligoclase, andesine; Mefasilicates: beryl; Orthosilicates,
boro-: tourmaline; micas: muscovite, biotite; margarite; Oxides: corundum, diaspore.
WEATHERING ProDpUCTS: (in part Hydrometamorphs)
Hydroxy-orthosilicates: kaolinite, colerainite, vermiculite.
The minerals produced in the contact zome have been considered above under
Magnesic igneous rocks.
ALKALIC PEGMATITES
PRIMARY MINERALS:
Trisilicates, feldspars: microcline, albite, oligoclase; Metasilicates: leucite; Orthosilicates:
nephelite, cancrinite, sodalite, noselite; Metasilicates, pyroxenes: augite{ acmite, aegirite;
amphiboles: arfvedsonite, enigmatite; Orthosilicates: andradite; boro-: homilite; micas:
biotite, lepidomelane; Rare-earth silicates; acid: eudidymite; meiasilicates: rosenbuschite,
13venite, wohlerite, hiortdahlite, eudialite, catapleiite, melanocerite, leucophanite; ortho-
silicates: zircon, thorite, schorlomite titanite, astrophyllite, mosandrite, neptunite, benito-
ite; Phosphates: xenotime; Columbates: polymignite; Oxides: ilmenite.
WEATHERING ProDUCTS: (in part Hydrometamorphs)
Hydroxy-orthosilicates: kaolinite; Hydrous oxides: limonite, bauxite.
The alkalic pegmatites are exceedingly rare, being limited to a few localities in the
world, and always associated with the alkalic igneous rocksf rom which they have been
derived. No Pennsylvania occurrences are known.

CALCIC PEGMATITES

PrRIMARY MINERALS:
Trisilicates, feldspars: microcline, albite, oligoclase, andesine, labradorite; Mefasilicates:
pyroxenes: augite; amphiboles: hornblende; Orthosilicates: andradite, wernerite; micas:
biotite, phlogopite; rare-earth: zircon, titanite; Phosphates: apatite; Carbonates: calcite;
Fluorides: fluorite; Oxides: rutile, magnetite, ilmenite; Swulfides: molybdenite, pyrite,
pyrrhotite; Elements: graphite. 0

WEATHERING PRODUCTS: (in part Hydrometamorphs)
Hydroxy-orthosilicates: kaolinite, vermiculite; Silica: chalcedony, opal; kydrous oxide:
limonite.

The calcic pegmatites are quite rare, examples being the apatite-scapolite veins of

Norway, and the nelsonite dikes of Virginia.

HYDROTHERMAL DEPOSITS

Economically, this group is one of the most important. ‘The minerals may
be best considered genetically with reference to the most prominent metal present. Con-
tact deposits are included within this group, although the characteristic “contact” minerals
formed are considered under the type of rock metamorphosed, Calcareous sediments, etc.

Non-metallic Minerals (Gangue)
PRIMARY:
Silica: quartz, chalcedony, opal; Trisilicates, feldspars: orthoclase (adularia, valencianite);
Metasilicates: rhodonite; Carbonates: calcite, dolomite, ankerite, siderite, rhodochrosite;
Sulfates: barite; Fluorides: fluorite.

Gold Minerals
PRIMARY:
Elements: gold; Tellurides: krennerite (calaverite), petzite, sylvanite; Sulfides: auriferous
pyrite.
WEATHERING PRODUCTS:
Elements: gold.
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Silver Minerals
PRIMARY:
Elements: silver; Sulfides: argentite; Tellurides: hessite, petzite, sylvanite; Sulfarsenites:
proustite; Sulfantimonites: stephanite, pyrargyrite, polybasite.
HyYDROMETAMORPHS: (Secondary enrichment minerals)
Sulfides: argentite; Sulfarsenites: proustite; Sulfantimonites: dyscrasite, stephanite,
pyrargyrite, polybasite. 3
WEATHERING PRODUCTS:
Elements: silver, amalgam; Halides: cerargyrite, embolite, iodyrite.

Copper Minerals

PriMarY: -
Sulfides: chalcopyrite; Arsenides: tennantite, Sulfarsenate: enargite; Sulfantimonites:
tetrahedrite; Swulfbismutites: emplectite.

HyYDROMETAMORPHS: (Secondary enrichment minerals)
Sulﬁd?s: covellite, chalcocite, bornite.

WEATHERING PropUCTS: (in part Hydrometamorphs)
Halides: nantokite, atacamite; Oxides: cuprite, tenorite, melaconite; Hydroxy-carbonates:
malachite, azurite, aurichalcite; Hydrous silicate: chrysocolla; Hydroxy-sulfates: brochan-
tite; Hydrous sulfates: chalcanthite, linarite; Hydroxy-phosphates: libethenite, pseudo-
malachite; Hydroxy-arsenates: olivenite.

Lead Minerals
PRIMARY:
Sulfides: galena; Sulfantimonites: jamesonite, bournonite.
WEATHERING Propucts: (in part Hydrometamorphs)
Oxides: minium, massicot, plattnerite; Carbonates: cerussite; Sulfates: anglesite; Chro-
mates: crocoite; Tungsiates: stolzite; Molybdates: wulfenite; Phosphates: pyromorphite;
Arsenates: mimetite; Vanadates: vanadinite, descloizite.

Zinc Minerals
PRIMARY:
Sulfides: sphalerite.
WEATHERING PropUcCTS: (in part Hydrometamorphs)
Carbonates: smithsonite; hydroxy-: hydrozincite, aurichalcite; Hydroxy-silicates: calamine;
Hydroxy-phosphates: hopeite, tarbuttite.

Iron Minerals
PRIMARY:
Sulfides: pyrite, chalcopyrite; Oxides: magnetite, hematite; Carbonates: siderite.
WEATHERING PRODUCTS:
Hydrous oxides: limonite.
Nickel Minerals
PRIMARY:
Sulfides: polydymite; Arsenides: niccolite, chloanthite; Sulfantimonite: ullmannite.
WEATHERING PrODUCTS: (in part hydrometamorphs)
Arsenates: annabergite; Sulfates: morenosite, lindackerite.

Cobalt Minerals
PRIMARY:
Sulfides: linnaeite, carrolite; Arsenides: smaltite; Sulfarsenites: cobaltite, glaucodot.
WEATHERING PRODUCTS:
Carbonates: spherocobaltite; Arsenates: erythrite.

Arsenic Minerals
PRIMARY:
Sulfides: realgar, orpiment.
WEATHERING PRODUCTS:
Sulfides: orpiment; oxides: arsenolite; Elements: arsenic.



20 ORIGIN AND OCCURRENCE OF MINERALS

Antimony Minerals
PRIMARY:
Elements: antimony; Sulfides: stibnite.
WEATHERING PRODUCTS:
Oxides: senarmontite, stibiconite, cervantite.

Mercury Minerals
PRIMARY: :
Sulfides: cinnabar; Selenides: tiemannite, onofrite, coloradoite.
HYDROMETAMORPHS AND WEATHERING PRODUCTS:
Elements: mercury, amalgam; Halides: terlinguaite, eglestonite, montroydite, calomel.
The principal hydrothermal deposits of Pennsylvania are associated with intrusive
Triassic diabase: the lead and zinc veins of Perkiomen and Phoenixville, and the contact
magnetite deposits of Cornwall, French Creek, Fritz Island, and Boyertown.

FUMAROLIC DEPOSITS

PRIMARY:

3 Sulfates, anhydrous: mascagnite, aphthitalite, hydrocyanite, dolerophanite; hydrous:
epsomite, picromerite, cyanochroite, voltaite; Halides, ankydrous: halite, sylvite, sal-
ammoniac, hydrophilite, scacchite, cotunnite; Oxides: tenorite, massicot, hematite,
magnesioferrite; Hydroxides: sassolite; Elements: sulfur.

SEDIMENTS
SILICEOUS AND ARGILLACEOUS SEDIMENTS

This group may be most conveniently subdivided as follows: (a) the unmetamor-
phosed sediments: the sands, gravels, sandstones, conglomerates, and shales; and (b)
the metamorphosed sediments: slates, para-schists and para-gneisses.

UNMETAMORPHOSED
(Sands, gravels, sandstones, conglomerates, shales)
PRIMARY:
Silica: quartz, chalcedony, opal; Trisilicates, feldspars: orthoclase, microcline; Hydroxy-
orthosilicates: muscovite, kaolinite, chlorite; Hydrous-oxides: limonite; Carbonates:
calcite. (Cements: quartz, opal, limonite, calcite).

Accessory and Segregated Minerals
PRIMARY:
Orthosilicates: almandite; zircon, titanite; Phosphates: monazite; Oxides: corundum,
spinel, hematite, magnetite, chromite, rutile, cassiterite, ilmenite; Elements: diamond, gold,
platinum.

Epigenetic Concentrations
PRIMARY:
Sulfides: pyrite, galena, chalcopyrite, bornite, chalcocite.
WEATHERING PropucTs: (in part hydrometamorphs)
Hydroxides: goethite; hydrous oxides: limonite, wad; kydroxy-carbonates: malachite,
azurite, Phosphates: carnotite, wavellite, strengite, cacoxentie, beraunite; Vanadates:
volborthite, calciovolborthite.

The unmetamorphosed sediments may vary greatly in composition. While usually
mechanically derived, they may in some cases be of chemical or organic origin. The
character of the mechanically derived sediments depends largely on circumstances existing
at the time of formation, and two important groups may be recognized, (a) those formed
under water, and (b) the subaérial deposits, such as the familiar red sandstones, conglom-
erates and shales of the Triassic. The epigenetic - concentrations listed above occur
chiefly in sediments of subaérial origin, examples being the carnotite deposits of Mauch
Chunk, and the chalcocite occurrences of Bradford and Tioga counties. Perhaps to be in-
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cluded here are the residual goethite and limonite deposits caused by the weathering of
the Cambro-Ordovician shales of Center, Cumberland, York, Lancaster, Berks, Chester,
and Montgomery counties.

METAMORPHOSED

(Slates, para-schists and para-gneisses)
DyNamic METAMORPHS: (also contact metamorphs)
Silica: quartz; Trisilicates, feldspars: orthoclase, microcline, albite, oligoclase; Meta-
silicates: hornblende; Orthosilicates: almandite; boro-: tourmaline; micas: muscovite,
biotite; chlorite; oxy-: cyanite, sillimanite, andalusite; zoisite, epidote, staurolite; zircon,
titanite; Phosphates: apatite; Oxides: corundum, hematite, rutile, spinel, magnetite,
ilmenite; Sulfides: pyrite, chalcopyrite; Elements: graphite.
WEATHERING PRODUCTS:
Hydroxy-silicates: kaolinite, chlorite, vermiculite; Stlica: opal; Hydrous oxides: limonite;
Hydrous sulfates: alunogen, halotrichite, kalinite.
CALCAREOUS AND MAGNESIAN SEDIMENTS
. This group includes the limestones, and dolomites. Epigenetic concentrations of
barite, celestite, galena, and sphalerite occur in Pennsylvania at the following places:
Franklin County (barite), Blair County (celestite), Friedensville, Lehigh County (sphaler-
ite), Lancaster County (galena).
PRIMARY: 3 /
Carbonates: calcite, dolomite, ankerite, siderite, aragonite. Silica: quartz, chalcedony,
opal; Hydroxy-silicates: kaolinite; Elements: graphite. ;
DyNamic METAMORPHS:
Dynamo-metamorphism may cause recrystallizations of the above minerals, producing
marbles from the limestone. A few of the minerals listed below may be formed.
ConracT METAMORPHS ) i
Trisilicates, feldspars: orthoclase; Metasilicates, pyroxenes: diopside, schefferite, augite,
wollastonite; amphiboles: tremolite, hornblende, edenite; Orthosilicates, garnets: grossul-
arite, andradite; wernerite, vesuvianite, epidote, zoisite; boro-: danburite, tourmaline;
fluo-: chondrodite; micas: phlogopite; Fluo-phosphates: apatite; Oxides: corundum,
spinel, magnetite, ilmenite; Sulfides: pyrite, pyrrhotite, molybdenite; Elements: graphite;
Carbonates: calcite, dolomite.
WEATHERING PrODUCTS: (in part hydrometamorphs)
Carbonates: calcite, aragonite.
Epigenetic Concentrations
HYDROMETAMORPHS .
Sulfides: pyrite, marcasite, galena, sphalerite; Sulfates: barite, celestite.
WEeATHERING PrRoODUCTS: (in part Hydrometamorphs)
Carbonates: cerussite, smithsonite; hydrozincite, aurichalcite; Hydroxy-silicates: calamine;
Hydrous sulfates: goslarite.
Contact metamorphic minerals are of common occurrence in the limestones at
Vanartsdalen’s quarry, Bucks County; the Avondale-Doe Run district, Chester County;
and at the Cornwall, French Creek, and Fritz Island iron mines.

FERRUGINOUS, MANGANIFEROUS, AND ZINCIFEROUS SEDIMENTS
Iron Deposits
PRIMARY:
Carbonates: siderite; Silica: chalcedony (jasper, chert); Silicates: kaolinite, glauconite;
Hydroxy-oxides: goethite; Hydrous oxides: limonite; Phosphates: vivianite.
DyNaMIC METAMORPHS:
Oxides: hematite, magnetite.
Manganese Deposils
PRIMARY: (?)
DynaMic METAMORPHS:
Metasilicates: schefferite, rhodonite; Orthosilicates: tephroite; spessartite, piedmontite.
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HYDROTHERMAL METAMORPHS:
Metasilicates: barysilite, ganomalite, hyalotekite; Orthosilicates: trimerite, harstigite,
melanotekite, caryopilite, ganophyllite; Phosphates, arsenates, etc.: caryinite, ochrolite,
berzeliite, monimolite, ecdemite, synadelphite, flinkite, arseniopleite, manganstibiite,
sarkinite; Borates: pinakiolite; Oxides: langbanite, jacobsite, pyrochroite.

WEATHERING PRODUCTS:

Oxides: psilomelane, wad.

Iron-Manganese-Zinc Deposits
PrIMARY: (?)
Dynamic METAMORPHS:
Metasilicates: schefferite, rhodonite; Orthosilicates: spessartite, tephroite, willemite;
Oxides: zincite, franklinite, gahnite.
HYDROTHERMAL METAMORPHS:
Silicates: nasonite, glaucochroite, hancockite, clinohedrite, hodgkinsonite, roeblingite,
leucophoenicite, bementite; hardystonite, Borafes: sussexite; Carbonates: rhodochrosite.
WEATHERING PropucTs: (in part Hydrometamorphs)
Carbonates:  smithsonite, hydrozincite; Hydroxy-silicates: calamine; Hydroxides:
chalcophanite; Hydrous oxides: limonite.

While ferruginous deposits of sedimentary origin are well known, the metamorphosed
manganese and iron-manganese-zinc deposits are exceedingly rare, the former type being
illustrated by the deposit at Langban, Sweden, and the latter by the deposits at Franklin,
and Sterling Hill, New Jersey. These deposits are to be regarded genetically, as the result
of a sequence of unusual circumstances,

SALINE RESIDUES
PRIMARY:
Carbonates: calcite, aragonite, dolomite, strontianite; hydrous: natron, trona; chloro-:
kainite; Sulfates, anhydrous: anhydrite, celestite, barite, thenardite, glauberite; hydrous:
mirabilite, kieserite, epsomite, gypsum, polyhalite; Borates: boracite, borax, howlite,
ulexite; Nitrates: soda-niter, niter; Chlorides: halite, sylvite, carnallite.

PHOSPHATIC DEPOSITS

PRIMARY:
Phosphates: phosphorite; and a number of indefinite mixtures of phosphates of various
elements such as guana, osteolite, staffelite, etc.

HYDROMETAMORPHS:
Phosphates, normal hydrous: struvite, collophanite, bobierrite, minervite; acid hydroxy-:
monetite; acid hydrous: stercorite, brushite, martinite, newberryite; Sulfafes: mascagnite;
Carbonates: teschemacherite; Oxalates: oxammite.

CARBONACEQUS DEPOSITS®
Amber Series
Hydrocarbons, simple: scheerite, ozocerite, fichtelite, hartite, kénlite; oxygenated: suc-
cinite, retinite, bathvillite, dysodile, pyroretinite, leucopetrite, geomyrite, geocerite,
bombiccite, dopplerite.
Petroleum Series
Hydrocarbons: petroleum, asphaltum, elaterite.

Coal Sertes
PRIMARY:

Hydrocarbons: peat.
DynaMic METAMORPHS:
Hydrocarbons: lignite, cannel coal, bituminous coal, anthracite. Elements: graphite.

* Little is known of the genetic history of these substances, with the exception of the coal series,
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PHYSIOGRAPHIC DIVISIONS?

Character

Lowland sloping toward the At-
lantic. (Extreme eastern edge of
state only.)

A moderately elevated sloping up-
land, above which rise residual mo-
nadnocks, which have been more
resistant to erosion.

Low hills; a southern extension of
the Highlands of northern New
Jersey, and southern New York.

Low maturely dissected moun-
tains, marking the northern ex-
tension of the Blue Ridge and
Catoctin Mountains of Maryland
and Virginia.

A series of long, parallel, even
crested ridges, with intervening
valleys.

Plateau of moderate to low relief,
glaciated in the northern part.

Geology

Unconsolidated Cretaceous, Ter-
tiary, and Quaternary sand, gravel,
and clay, on a basement: of gneiss
and schist.

Crystalline gneiss, schist, etc.,
and Cambro-Ordovician quartzite,
schist, and limestone in the southern
part.

Triassic sandstone, shale, con-
glomerate, and intrusive diabase in
the northern part.

Precambrian crystalline gneiss,
schist, limestone, etc., and Cambro-
Ordovician quartzite, limestone, etc.

Metamorphosed Precambrian vol-
canic rocks: basalt and rhyolite;
Cambrian quartzite,

Highly folded Paleozoic sand-
stone, quartzite, shale, limestone,
etc.

Devonian, Mississippian, Penn-
sylvanian, and Permian sandstone,
shale, limestone, fire clay, coal, etc.

GENERAL GEOLOGY OF THE PIEDMONT SOUTH OF THE TrI1Assic BELT!?

Formation

Octoraro schist

Ordovician
Character
Quartz-muscovite schist, with
pronounced lamination. The

laminae are bluish or grayish-green,
with a silvery luster.

The lower beds are more cal-
careous and siliceous.

Minerals

Chief constituents: quartz, mus-
covite, orthoclase, chlorite.

Accessory: plagioclase, biotite,
tourmaline, apatite, perovskite?
magnetite, ilmenite, and pyrite

more or less altered to limonite.

* Cf. Nevin M. Fenneman, Physiographic divisions of the United States: Amnnals Assoc. Am. Geographers,

6, 19-98, 1916.

10 Theodore Rand, Notes on the geology of southeastern Pennsylvania: Proc. Acad. Nat. Sci. Phila., 44,

174-202, 1892.

F. Bascom, Philadelphia and Trenton folios: U. S. Geol. Survey. Geologic folios 162 and 167, 1909.

Edson S. Bastin, Feldspar deposits of the United States: U. S. Geol. Surv. Bull., 420, 63-72, 1910.

B. L. Mille:, Graphite deposits of Pennsylvania: Top. & Geol. Surv. Penna. Rep., 6, 1912.

‘T, Nelson Dale, Slate in the United States: U. S. Geol. Surv, Bull., 586, 110-115, 1914,

Eleonora F. Bliss and Anna 1. Jonas, Relation of the Wissahickon gneiss to the Shenandoah limestone
and Octoraro schist of the. Doe Run and Avondale region, Chester County, Pennsylvania: U. S. Geol. Surv. Prof.

Paper 98-B, 1916.

The age of the Wissahickon gneiss is in dispute.
ozoic, and his conclusions are adopted here.

Precambrian.

The work of Rand indicates the formation to be Pale-
The other authors listed above have considered the formation to be
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Peachbottom slate
member

Wissahickon mica
gneiss

Shenandoah lime-

stone

Chickies formation

Baltimore gneiss

Franklin limestone

Pickering!! gneiss

Granitic pegmatite

Albitite and Pluma-
site: (desilicated
granitic pegma-
tite)
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Quartz-sericite-chlorite schist,
sometimes calcareous; and dark
gray, slightly bluish, slate.

Quartz-feldspar-mica gneiss or
schist; silvery gray to greenish,
medium to coarse-grained. Often
so thoroughly injected by meta-
gabbro and pegmatite, as to form an
injection-gneiss. ‘The folia are usu-
ally wavy, and the beds show
minute crumpling and folding.

Cambro-Ordovician

A heavily bedded, crystalline,
white or blue, siliceous and mag-
nesian limestone, with interbedded
siliceous or micaceous schist.

Cambrian

Massive quartzite, with a conglo-
meratic base, and siliceous slate,
sericite schist, or quartz schist.

A considerable thickness of mica-
ceous feldspathic material occurs
interbedded with the quartzite
west of the Philadelphia district.

Precambrian

A light to dark gray, medium
grained, massive or gneissic rock,
sometimes pseudo-porphyritic.

The gneiss is locally very tho-
roughly injected by gabbro, and
constitutes a composite formation.

The gneissic facies shows a fine
and intensely plicated banding.

A coarsely crystalline marble,
usually darkened in color by the
presence of silicates. The form-
ation is often thoroughly injected
with gabbro.

The Franklin limestone occurs
intimately associated with the Pick-
ering gneiss and may constitute but
a phase of that formation.

Graphitic gneiss and quartz-
schist, variable in composition.

Igneous Rocks

Coarse grained quartz-microcline
rocks, or smoky quartz veins form-
ing irregular masses, more or less
lens-shaped, or dikes.

Coarse grained rocks occurring as
intrusive masses in meta-peridotite,
or at the contact of meta-peridotite
and Wissahickon gneiss.

11 F. Bascom, quoted by B. L. Miller, 1. c., 1912,

Chief constituents: quartz, mus-
covite, and chlorite.

Accessory: andalusite, graphite,
magnetite, rutile, and zircon.

Chief constituents: quartz, feld-
spars, biotite, and muscovite.

Accessory: garnet, tourmaline,
sillimanite, zoisite, apatite, zircon,
and magnetite, and locally: stauro-
lite, cyanite, or andalusite.

Chief constituents: calcite and
dolomite.
Accessory: quartz, feldspar, phlo-

gopite, graphite, pyrite, and siderite

Chief constituents: quartz and
feldspar.
Accessory: stretched or broken

tourmaline crystals, staurolite, apa-
tite, perovskite? zircon, hematite
and magnetite. Locally the quart-
zite may contain geodes lined with
quartz crystals.

Chief constituents: quartz, feld-
spar, hornblende, and biotite.

Accessory: epidote, garnet, ti-
tanite, and zircon.

Chief constituent: calcite.

Accessory: orthoclase, oligoclase,
bytownite, pyroxene, amphibole,
scapolite, phlogopite, apatite, and
titanite.

Chief constituents: quartz, feld-
spars, hornblende, biotite, calcite
and much graphite.

Chief constituents: quartz, mi-
crocline, albite, oligoclase, mus-
covite biotite, tourmaline, garnet,
and beryl. .

Many rare minerals occur in the
pegmatites. No regularity is shown
in the distribution of the minerals.

Chief constituents: albite, oligo-
clase, tourmaline, margarite, mus-
covite, and corundum.

Zones of chlorite, tale, chrysotile,
and vermiculite occur adjacent to
the veins.



Metapyroxenite
and metaperido-
tite

Granite gneiss

Hornblende gneiss

Metagabbro

Gabbro and norite,
and diorite

GENERAL GEOLOGY OF PENNSYLVANIA . 25

Serpentine, tale, anthophyllite
and chlorite schists.

Unaltered pyroxenite is uncom-
mon in Pennsylvania.

The metapyroxenites and meta-
peridotites are genetically connected
with the gabbros, occurring as
peripheral masses to the gabbro, or
as bodies in or near it.

A medium to coarse grained, light
colored, gneissic or massive rock.
Along the contact with Wissahickon
gneiss an injection gneiss (with a
porphyritic structure) has been pro-
duced by the penetration of the,
magma parallel to planes of fissility.

Dark colored, medium grained
gneiss.

Dark colored, massive to thor-
oughly schistose dikes in the Balti-
more and Wissahickon gneisses.

. A medium grained, massive or
more or less schistose rock.

Typically a hypersthene-augite-
plagioclase rock.

The primary minerals are olivine
and enstatite, with accessory chro-
mite and magnetite.

Minerals developed by hydro-
thermal metamorphism include
hornblende, actinolite, tremolite,
asbestus, epidote, talc, chlorite,
serpentine, and magnetite.

Quartz (drusy), chalcedony, mag-
nesite, sepiolite, and deweylite, are
produced by weathering.

Chief constituents: quartz, or-
thoclase or microcline, biotite, and
hornblende.

Accessory: actinolite,
apatite, and titanite.

epidote,

hornblende.
oligoclases

Chief constituents:
orthoclase, microcline,
biotite, and quartz.

Accessory: epidote, apatite, and
titanite.

Chief constituents: hornblende,
feldspar (chiefly plagioclase), and
quartz.

Accessory: biotite, garnet, actin-
olite, anthophyllite, zoisite, chlor-
ite, muscovite, pyrite, and titanite.

Chief primary constituents: hy-
persthene, augite, and labradorite,
with accessory quartz, biotite, or-
thoclase, titanite, magnetite, apa-
tite, and pyrrhotite.

Metamorphic products are actino-
lite, chlorite, garnet, and serpentine.

Narrow ‘‘reaction rims” of garnet
occur between the pyroxene and
labradorite. On the inner margin
of the rims there may be a zone of
quartz and hornblende.

GENERAL GEOLOGY OF THE TRriassic BELT OF THE PIEDMONT

Formation

Brunswick shale

Triassic: Newark Group'?

Character

Soft red shales, with a few purple, green, yellow, and black
layers, and some local sandstone layers.

Thickness

4000-5000"
Lenticular masses

of green shale occur locally. Ripple marks; mud cracks, rain
drop impressions, and glauberite crystal cavities.

12 Arthur C. Spencer, Magnetite deposits of the Cornwall type in Pennsylvania: U. S. Geol. Surv. Bull.,

359, 1908.

N. H. Darton, Philadelphia and Trenton folios: U. S. Geol. Surv. folios, 162 and 167, 1909.

Edgar T'. Wherry, Contributions to the mineralogy of the Newark group in Pennsylvania: Trans, Wagner
Free Inst. Science, 7, 7-27, 1910. The Newark copper deposits of southeastern Pennsylvania: Econ. Geol., 3,
726-738, 1908. Silicified wood from the Triassic of Pennsylvania: . Proc. Acad. Nat. Sci. Phila., 1912, 366-372;
Age and cerrelation of the “New Red” or Newark Group in Pennsylvania: Proc. Acad. Nat, Sci. Phila., 1912,
373-379. Glauberite crystal cavities in the Triassic rocks of eastern Pennsylvania: Am. Min., 1, 37-43, 1916.

George W. Stose and J. Volney Lewis, Triassic igneous rocks in the vicinity of Gettysburg, Pennsylvania

Bull. Geol. Soc. America, 27, 623644, 1916. )
Anna I. Jonas, The Precambrian and Triassic diabase in eastern Pennsylvania: Bull. Am. Mus. Nat.

Hist., 37, 173-181, 1917.

George W. Stose, Glauberite crystal cavities in the Triassic rocks in the vicinity of Gettysburg, Pa.:

Am. Min., 4, 1-4, 1919.
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Formation

Lockatong forma-
tion

Stockton formation

Formation

Basalt

Diabase
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Triassic: Newark Group (Continued)

Charatter Thickness
Hard, dark gray to purple shales, black and purplish argil- 2000-3000"
lite, dark gray and green flagstone, and some thin layers of
calcareous shale. Ripple marks, mud cracks, and rain drop
impressions occur at all horizons.
Gray to buff, coarse, arkosic conglomerate; yellow mica-  3500-4000’

ceous sandstone or freestone; and soft red argillaceous shale.
Layers of green, purple, and black shales occur at all horizons.
Many of the sandstones are crossbedded, and exhibit ~
ripple marks, mud cracks, and rain drop impressions.

Igneous Rocks
Character

Extrusive sheets two miles south of Jacksonwald, Berks County, and
south of Bendersville, Adams County. Two types occur:

Dense black basalt, in places vesicular, and having a glassy ground-
mass.

Olivine basalt, with abundant olivine. ’ -

Basalt may also develop as a contact facies of diabase.

Intrusive sheets and dikes. The following types occur:

(1) Normal augite-labradorite diabase.

(2) Feldspathic diabase or anorthosite.

(8) Quartz diabase with abundant quartz.

(4) Micropegmatite, consisting largely of micrographic quartz and

orthoclase.

(5) Aplite. Essentially a quartz-orthoclase rock.

(6) Hypersthene diabase.

(7) Olivine diabase, with abundant olivine. The feldspar may occur
altered to fine scaly (apparently sericitic) aggregates, or kaolin. The
pyroxene is often altered to uralitic amphibole, or to serpentine, chlorite,
and magnetite. Epidote is abundant in places.

Genetically connected with the diabase are the hydrothermal veins of
galena and sphalerite of Montgomery and Chester County, and the
contact deposits of magnetite of the Cornwall type.

GENERAL GEOLOGY OF LEBANON, BERKS, LEHIGH, AND NORTHAMPTON COUNTIES!?

Formation

Martinsburg shale

Nazareth formation
(Lower Trenton)

Nisky or Lehigh
. limestone (Black
River)

Ordovician
Character Thickness

Black shale, with interbedded layers of dark colored sand- 3000’
stone in the middle portion. In the vicinity of Nazareth,
Bangor, and Slatington, the shale has been metamorphosed
toslate. Pyrite is common locally.

Gray to black shaly limestone (cement rock). Replaced 0-500"
toward the west and south by Martinsburg shale.

Gray to black shaly hmestone An important cement 100’

rock. . ; p

.13 Edgar T. Wherry, The early Paleozoic of the Lehigh Valley district, Pennsylvania: Science, 30, 416, 1909.

Benjamin L. Miller, The mineral pigments of Pennsylvania: Top. & Geol. Surv. Penna., Rep. 4, 1911.

Frederick B. Peck, Preliminary report on the talc and serpentine of Northampton County and the Portland
cement materials of the Lehigh district: Top. & Geol. Surv. Penna., Rep. 5, 1911.

H. N. Eaton, The geology of South Mountain at the junction of Berks Lebanon, and Lancaster Countles,
Pennsylvania: Jour. Geol., 20, 331-343, 1912.

Anna 1. Jonas, The Precambrian and Triassic diabase of eastern ‘Peunsylvama Bull, Am, Mus Nat

Hist., 37, 173-181, 1917.

' Edgar T. Wherry, Precambrian sedimentary rocks in the H:ghlands of eastern Pennsylvama\ Bull Geol
Soc. Am., 29, 375-392, 1918.

Samuel G. Gordon, Ordovician basalts and quartz diabases in Lebanon County, Pennsylvama

Proc.

Acad. Nat. Sci. Phila., 72, 354-357, 1920. o s <



Coplay limestone
(Beekmantown)

Formation

Allentown lime-
stone (Upper C)

Leithsville or
Tomstown for-
mation  (Lower
Middle C)

Hardyston quartz-
ite (Lower C)

Formation

Franklin limestone

Quartz-mica schist

Graphitic quartzite
(Pickering gneiss)

Basic (amphibolite)
gneiss

Basalt

Quartz diabase
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_ Dark bluish-gray, thick bedded dolomitic limestone pas-
sing upward into thinner beds of mottled magnesian limestone
with interstratified beds of pure limestone. Some shaly
layers are present. Veins of quartz, calcite, and dolomite
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1500”

filling joints are common.

Cambrian

Character

Massive beds of white to gray dolomite or dolomitic lime-

Thickness
2000’

stone, with f}'equent bands of oélitic material, the upper
surface of which is often covered with the coral-like Crypto-

zoon proliferum.

Buff colored sandy shale and shaly limestone with occa-

1500’

sional strata of compact thick bedded limestone containing

nodules of black to gray chert.

Bluish or grayish quartzite, with a coarse conglomerate

0-400’

at the bottom. The uppermost member is a fine grained,
almost jaspery, highly ferruginous quartzite.

Circulating waters have converted the quartzite along the
northwest flank of South Mountain into a ferruginous chert,

chert breccia, or brown iron ore.

Precambrian
Character

A coarsely crystalline limestone,
very faintly stratified. The rock
has been greatly metamorphosed,
and often has lost its identity. It
occurs interstratified with the for-

_mations below.

Quartz-mica schist, quartzite, and
muscovite schist. Orthoclase has
been extensively introduced where
emanations from igneous magmas
have acted on the rock. The ex-
treme action of the magma is
represented by finely banded
gneisses.

A bluish-gray quartzite when
least altered, but feldspar and other
constituents have been extensively
introduced by invading magmas.

Dark colored gneiss. Individual
bands persist for considerable dis-
tances, but the gneisses vary rapidly
across the bands.

Occurs interbedded with the
graphitic quartzite, limestone, and
quartz-mica schist.

Minerals

- Principal minerals:- calcite, diop-
side, tremolite, biotite, serpentine,
asbestus, apatite, and titanite.

Chief constituents: quartz, seri-
cite, and sillimanite.

Accessory minerals (locally abun-
dant): garnet, tourmaline, biotite,
apatite, zircon, ilmenite, and pyrite.

Chief constituents: quartz, and
graphite.
Accessory: feldspars, garnet, bio-

tite, zircon, apatite, and pyrite.

Chief constituents: quartz, horn-
blende (or biotite or augite), ortho-
clase and oligoclase.

Accessory: ilmenite, magnetite,
and rounded zircons.

Ordovician (Igneous Rocks)

Dark greenish or black amyg-
daloidal tuffs or breccias, vesicular
on weathering.

Dark greenish-black, fine grained
to porphyritic rock.

. stitial

Chief ‘constituents: glass} labra-
dorite and augite;A calcite amyg-

diiles.

Chief constituents: augite, labra-
dorite, and magnetite, witll inter-
graphic intergrowths of
quartz and orthoclase. - ° ¢
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Formation

Pegmatite

Diabase

Losee (dioritic)

gneiss

Byram {granitic)
gneiss

Pochuck (gabbroic)
gneiss
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Precambrian (Igneous Rocks)

Character

Veins and lenses of quartz and
feldspar rocks are common in the
various gneisses.

Dikes cutting the other Pre-
cambrian rocks. ‘The rock is quite
dark, and generally fine grained.

A light colored, sometimes white,
gneiss.

Light colored, medium to fine
grained rock.

A dark, medium to fine grained,
gabbroic gneiss.

Minerals

Principal minerals: quartz, mi-
crocline, albite, garnet, beryl, tour-
maline, muscovite, and biotite.

Chief constituents: augite and
labradorite, with characteristic ac-
cessory pyrrhotite and quartz.
Chlorite, uralite, and zoisite, occur
as alteration products.

Chief constituents: quartz, oligo-
clase, diopside, hornblende, and
biotite, with accessory apatite,
titanite, zircon, and magnetite.

Chief constituents: quartz, or-
thoclase and microperthite, biotite,
epidote, chlorite, and magnetite.

Chief constituents: feldspar, py-
roxene (augite generally altered to
hornblende), and magnetite.

GENERAL GEOLOGY OF FRANKLIN, ApAMS, AND CUMBERLAND COUNTIES!4

Formation

Martinsburg shale

Chambersburg
limestone

Stones River lime-
stone

Beekmantown
limestone

Formation

Conococheague
léx)nestone (Upper

Ordovician

Character

Black shale with yellowish-green, sandy strata in the up-
The lower part is black, carbonaceous and

per portion.
fissile. Slaty cleavage is common.

Thin bedded, fossiliferous limestone with argillaceous

partings.

Pure limestone with magnesian layers.
Calcite veins are common in the

chert occur in the middle.
lower beds.

Thickness
2000’

100-750"

Thin beds of 675-1050’

2300’

Thick bedded, rather pure limestone interbedded with
magnesian beds and fine grained pink to white marble.
Beds of odlite, fine conglomerate, chert layers, and quartz
geodes occur at several horizons. The basal member
(Stonehenge siliceous limestone member) is a blue limestone,
with hard siliceous laminae, coarse “edgewise conglomerate,”’
and purer fine grained marble. Small rosette cherts occur
at the top.

Cambrian
Character

Thin bedded blue limestone with thin wavy sandstone
laminae. The base of the formation is marked by siliceous
beds and conglomerate, with interbedded oélitic limestone,
dark shaly limestone with red clay partings, and Cryptozoon
beflis. Large scoriaceous cherts are common in the residual
soil.

Thickness
1635’

4 F. Bascom, The ancient volcanic rocks of South Mountain, Pennsylvania: U. S. Geol. Surv., Bull, 136,

1896.

Charles D. Walcott, The Cambrian rocks of Pennsylvania: U. S. Geol. Surv. Bull., 134, 1896.
George W. Stose, Mercersburg-Chambersburg Folio: U. S. Geol. Surv. folio, 170, 1910.
George W. Stose, The copper deposits of South Mountain, in Pennsylvania: U. S. Geol. Surv, Bull. 430,

122-129, 1910.

Edgar T. Wherry, The copper deposits of Franklin-Adams Counties, Pennsylvania: J. Frank. Inst.,

171, 151-162, 1911.



Elbrook formation
(Middle C)

Wayneshoro form-
ation (Middle C)

Tomstown  lime-
stone (Lower C)

Antietam sand-
stone (Lower C)

Harpers schist
(Lower C)
Weverton sand-

stone (Lower C)

Formation

Quartz  porphyry
(rhyolite)

Aporhyolite

Metabasalt
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_Gray to light blue shaly limestone and calcareous shale,
with some green layers and red bands.

sive limestone occur at the base.

massive beds of dolomite and quartzitic limestone.

Gray slabby calcareous sandstone, red and purple shale,

and minor limestone.

fine grained white marble occur near the middle.
shale and sandstone are ripple marked.

Massive and thin bedded limestone, in part cherty and

magnesian, with considerable interbedded shale near the

base.
mite occur near the base.

Pure white sericite schist, and a coarse, fetid dolo-

Coarse grained, white and bluish gray quartztite, with

numerous Scolithus tubes.

Schist, hackly slate, and soft sandstone, with a heavy
Scolithus-bearing,

sandstone or quartztite,
quartz member) near the middle.
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